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1
ALGORITHM FOR PREDICTING AND
MITIGATING ADVERSE EVENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit, under 35 U.S.C.
§119(e), of U.S. Provisional Application No. 61/610,663,
which was filed Mar. 14, 2012 and which is hereby incorpo-
rated by reference herein.

BACKGROUND

The present application is related to a patient support appa-
ratus that includes a control system for predicting and miti-
gating events adverse to the health of a patient supported on
the patient support apparatus. More specifically, the present
application is directed to a patient support apparatus having a
control system that gathers information regarding the patient
supported on the apparatus, the environmental conditions in
the room in which the patient support apparatus is located,
and operational characteristics of the patient support appara-
tus and acts on that information to predict adverse patient
events and mitigate those risks.

A patient in a care facility such as a hospital, for example,
is often in a compromised medical condition and susceptible
to developing complications. Injury sustained while in a care
facility or the development of complications due to an
extended presence in a care facility result in significant costs
to the care facility and the patient. When these injuries or
complications are considered preventable, the care facility
acquired conditions may not be covered by a patient’s insurer
or other payers such as Medicare, for example. In an effort to
prevent such injuries and complications, various protocols
are implemented by the management of the care facilities to
mitigate the risks. For example, the use of prophylactic anti-
biotics after surgery may be a standard institutional practice
to mitigate the risk of surgical infections. Patients who are at
risk of falling when moving unassisted may be identified as
fall risks and certain protocols may be implemented to reduce
the opportunity for the patient to move about the room unas-
sisted.

In response to the desire of healthcare facilities to reduce
risks, sensor systems to detect the status of various compo-
nents of a patient support apparatus, such as a bed, for
example, have been developed to help assure that protocols
are being met. For example, patient position monitoring sys-
tems monitor the movement of a patient on a patient support
apparatus and alarm if the movement is excessive or a patient
has exited the bed. It is also known to implement alarms for
certain bed positions, such as the amount of elevation of the
head section of the bed to assure that a patient is positioned
with her upper body at an appropriate angle relative to gravity
when various therapies are being delivered. Also, the patient
support apparatus may include sensors that detect when a side
rail is in an appropriate position or that the brake system of the
patient support apparatus is properly engaged. This informa-
tion is provided to a central monitoring system, such as a
nurse call system, so that deviations from the appropriate
conditions may be monitored by the central system and
alarms generated if a protocols are not being followed.

The use of these bed status variables requires that certain
conditions be pre-established in the central monitoring sys-
tem. For example, if the patient is a fall risk, the central
monitoring system must be configured to monitor for side rail
position and bed exit status for the particular patient support
apparatus on which the fall risk patient is positioned. The
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same is true for other protocol monitoring conditions, the
system must be configured for a particular patient, and the
caregivers must modify the alarm conditions based on the
particular protocols implemented for a given patient. Because
of'the required active intervention of the caregivers, protocols
are often directed to particular classes of patients without
regard to any patient or environmental based mitigating con-
ditions. A change in status of a particular patient requires the
caregiver to implement modified protocols and update any
monitoring conditions that may need to be modified due to the
change in the patient’s condition.

Several conditions are of significant interest to caregivers
based on the statistical incidence of care facility-based inju-
ries or complications. For example, there is strong statistical
support for a need to mitigate the risk of falls in patients who
are 65 years or older. Other patient populations may also be at
risk of falls depending on other medical conditions that are
normally assessed at the time of admission into a care facility.
However, as with any statistic, there are exceptions that miti-
gate the risk even in at risk populations. As a result, applying
a “one-size-fits-all” fall prevention program based on age
may not provide a patient who has a low risk with the appro-
priate care for that particular patient. A patient who has miti-
gating conditions which significantly reduce the risk of fall,
even though their age places them in a high-risk group, may
be negatively impacted in their recovery if the highest fall
prevention protocol is applied to that particular patient. Gen-
erally, a fall prevention program requires a patient to be
assisted when ambulating. For a patient who feels healthy and
is at low risk of falling, such a protocol may result in the
patient being noncompliant to other protocols.

Other risks include facility-acquired infections, such as
infections acquired after a surgery. Patients who are posi-
tioned on the patient support apparatus for extended periods
may also develop pressure ulcers on their skin. Various factors
may result in a compromised skin condition that increases the
potential of these nosocomial pressure ulcers. Another sig-
nificant risk for bedridden patients is the development of
Ventilator-Associated Pneumonia (VAP). Several factors
may impact the likelihood of a particular patient acquiring a
particular complication or suffering a particular injury while
in a care facility.

SUMMARY

The present application discloses one or more of the fea-
tures recited in the appended claims and/or the following
features which alone or in any combination, may comprise
patentable subject matter.

According to a first aspect of the present disclosure, a
patient support apparatus comprises a plurality of sensors, a
user interface including a plurality of input devices, a plural-
ity of controllable devices, and a controller electrically
coupled to the plurality of sensors and plurality of control-
lable devices. The controller includes a processor and a
memory device electrically coupled to the processor. The
memory device includes instructions that, when executed by
the processor, cause the processor to process a plurality of
data items related to physiological conditions of a patient
associated with the patient support apparatus as detected by at
least one of the plurality of sensors or the input devices. The
processor analyzes the plurality of data items to determine a
risk of an adverse event occurring to the patient.

In some embodiments, the memory device may further
include instructions that, when executed by the processor,
cause the processor identify at least one data item indicative
of'an environmental factor associated with the environment in



US 9,213,956 B2

3

which the patient support apparatus is located, analyze the
plurality of data items related to the physiological conditions
of'the patient and the data item indicative of an environmental
factor to determine the risk of an adverse event occurring to
the patient.

In some embodiments, the memory device may further
include instructions that, when executed by the processor,
cause the processor to identify at least one data item indica-
tive of a patient support apparatus factor associated with the
patient support apparatus, analyze the plurality of data items
related to the physiological conditions of the patient, the data
item indicative of an environmental factor, and the data item
indicative of a patient support apparatus factor to determine
the risk of an adverse event occurring to the patient.

In some embodiments, the memory device may include
instructions that, when executed by the processor, cause the
processor to identify at least one data item indicative of a
patient support apparatus factor associated with the patient
support apparatus, analyze the plurality of data items related
to the physiological conditions of the patient and the data item
indicative of a patient support apparatus factor to determine
the risk of an adverse event occurring to the patient.

In some embodiments, the memory device may further
include instructions that, when executed by the processor,
cause the processor to output a signal indicative of the risk of
an adverse event occurring to the patient. The signal indica-
tive of the risk of an adverse event occurring to the patient
may cause the user interface to display an indication of the
risk.

In some embodiments, the memory device may include
instructions that, when executed by the processor, causes the
processor to analyze the plurality of data items related to the
physiological conditions of the patient, the data item indica-
tive of an environmental factor, and the data item indicative of
a patient support apparatus factor to determine if one or more
of the data items are associated with a modifiable condition,
and if one or more of the data items are modifiable, determine
a value of a first one of the data items which will reduce the
risk of an adverse event occurring to the patient.

In some embodiments, the memory device may include
instructions that, when executed by the processor, causes the
processor to alter the state of at least one of the controllable
devices to alter the value of the first data item to the value of
the first data item that reduces the risk of an adverse event
occurring to the patient.

In some embodiments, the memory device may include
instructions that, when executed by the processor, causes the
processor determine a value of a second one of the data items
which will reduce the risk of an adverse event occurring to the
patient.

In some embodiments, the memory device may include
instructions that, when executed by the processor, causes the
processor to alter the state of at least one of the controllable
devices to alter the value of the second data item to the value
of the second data item that reduces the risk of an adverse
event occurring to the patient.

In some embodiments, the memory device may further
include instructions that, when executed by the processor,
causes the processor determine a value for each of the data
items which will reduce the risk of an adverse event occurring
to the patient.

In some embodiments, the memory device may further
include instructions that, when executed by the processor,
causes the processor to alter the state of at least one of the
controllable devices to alter the value of each of the data items
to the value of each of the data items that reduces the risk of
an adverse event occurring to the patient.
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In some embodiments, the memory device may further
include instructions that, when executed by the processor,
causes the processor to generate a prompt at the display of the
user interface indicating to a user the value of a first one of the
data items necessary to reduce the risk of an adverse event
occurring to the patient.

In some embodiments, the patient support apparatus
includes a head section that is movable to change an attitude
of'the upper body of a patient supported on the patient support
apparatus and at least one of the plurality of controllable
devices is an actuator for controlling the attitude of the head
section of the patient support apparatus.

In some embodiments, the control system analyzes the risk
of ventilator-associated pneumonia, and, if the risk of venti-
lator-assisted pneumonia exceeds a predetermined threshold,
the control system automatically operates the actuator to
increase the attitude of the head section to exceed a minimum
angle.

In some embodiments, the patient support apparatus may
include a caster brake system that is movable between a
locked state and an unlocked state and at least one of the
plurality of controllable devices is an actuator for moving the
caster brake system between the locked and unlocked states.

In some embodiments, the control system analyzes the risk
of a patient fall, and, if the risk of patient fall exceeds a
predetermined threshold, the control system automatically
operates the actuator to move the caster brake system to a
locked state.

In some embodiments, the patient support apparatus
includes a siderail locking system that is movable between a
locked state and an unlocked state and at least one of the
plurality of controllable devices is an actuator for moving the
siderail locking system between the locked and unlocked
states.

In some embodiments, the control system analyzes the risk
of a patient fall, and, if the risk of patient fall exceeds a
predetermined threshold, the control system automatically
operates the actuator to move siderail locking system to the
locked state.

In some embodiments, the patient support apparatus
includes a siderail actuation system that is operable to move at
least one siderail between a lowered position and a raised
position and at least one of the plurality of controllable
devices is an actuator for moving the between the lowered and
raised positions.

In some embodiments, the control system analyzes the risk
of a patient fall, and, if the risk of patient fall exceeds a
predetermined threshold, the control system automatically
operates the actuator to move siderail to the raised position.

In some embodiments, the at least one of the plurality of
controllable devices is a light controller operable to vary the
operation of a light in the patient room between an illumi-
nated and non-illuminated state.

In some embodiments, the control system analyzes the risk
of a patient fall, and, if the risk of patient fall exceeds a
predetermined threshold, the control system automatically
modifies the light controller to illuminate the light.

In some embodiments, the patient support apparatus fur-
ther comprises a surface including at least one bladder and at
least one of the plurality of controllable devices is a surface
pressurization system operable to vary the pressure in the at
least one bladder and the control system analyzes the risk of
a patient developing pressure ulcers, and, if the risk of devel-
oping pressure ulcers exceeds a predetermined threshold, the
control system automatically modifies the operation of the
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surface pressurization system to vary the pressure in the at
least one bladder to mitigate the risk of developing pressure
ulcers.

According to a second aspect of the present disclosure, a
patient support apparatus comprises at least one sensor, at
least one component having multiple states, at least one
actuator operable to vary the states of the at least one com-
ponent, and a controller. The controller is operable to receive
an input signal from the at least one sensor, the at least one
signal including a first data item indicative of a physiological
condition of a patient supported on the patient support appa-
ratus and analyze the of data item to determine a risk of an
adverse event occurring to the patient.

In some embodiments, the controller may be operable to
determine if the risk of the adverse event exceeds a predeter-
mined threshold.

In some embodiments, if the risk of the adverse event
exceeds the predetermined threshold, the controller operates
the at least one actuator to change the state of the component
to reduce the risk of the adverse event.

In some embodiments, the component comprises a caster
having a caster braking mechanism and the controller oper-
ates the actuator to move the caster braking mechanism into a
state in which a caster brake is activated.

In some embodiments, the component comprises a siderail
having a siderail locking mechanism and the controller oper-
ates the actuator to move the siderail locking mechanism into
a state in which a siderail lock is activated.

In some embodiments, the component comprises a siderail
having a siderail moving mechanism and the controller oper-
ates the actuator to move the siderail moving mechanism into
a state in which the siderail is in a raised position.

In some embodiments, the component comprises a head
section having head section moving mechanism and the con-
troller operates the actuator to move the head section moving
mechanism into a state in which the head section is raised
beyond a minimum angle. In other embodiments, the control-
ler operates the actuator to move the head section moving
mechanism into a state in which the head section is raised
below a maximum angle.

In some embodiments, the patient support apparatus fur-
ther comprises a user interface including at least one input
device and the controller is operable to receive a user input
signal from the at least one input device, the user input signal
including a second data item indicative of a physiological
condition of a patient supported on the patient support appa-
ratus, and analyze the first data item and second data item
collectively to determine a risk of an adverse event occurring
to the patient.

In some embodiments, the controller is operable to deter-
mine if the risk of the adverse event exceeds a predetermined
threshold and if the risk of the adverse event exceeds the
predetermined threshold, the controller operates the at least
one actuator to change the state of the component to reduce
the risk of the adverse event.

In some embodiments, the patient support apparatus
includes a plurality of sensors, at least one of the plurality of
sensors providing a signal including a second data item
indicative of a patient support apparatus factor, and the con-
troller is operable to analyze the first data item and second
data item collectively to determine a risk of an adverse event
occurring to the patient.

In some embodiments, the controller is operable to deter-
mine if the risk of the adverse event exceeds a predetermined
threshold and if the risk of the adverse event exceeds the
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predetermined threshold, the controller operates the at least
one actuator to change the state of the component to reduce
the risk of the adverse event.

In some embodiments, the patient support apparatus
includes a plurality of sensors, at least one of the plurality of
sensors providing a signal including a second data item
indicative of an environmental factor, and the controller is
operable to analyze the first data item and second data item
collectively to determine a risk of an adverse event occurring
to the patient.

In some embodiments, the controller is operable to deter-
mine if the risk of the adverse event exceeds a predetermined
threshold and, if the risk of the adverse event exceeds the
predetermined threshold the controller operates the at least
one actuator to change the state of the component to reduce
the risk of the adverse event.

In some embodiments, the component comprises a light
control device operable to change the state of a light that
illuminates the room in which the patient support apparatus is
positioned and the controller operates the atleast one actuator
to change the state of the light control device to turn the light
on.

In some embodiments, the patient support apparatus
includes a plurality of sensors, at least one of the plurality of
sensors providing a signal including a second data item
indicative of a second physiological condition of a patient
supported on the patient support apparatus, and the controller
is operable to analyze the first data item and second data item
collectively to determine a risk of an adverse event occurring
to the patient.

In some embodiments, the controller is operable to deter-
mine if the risk of the adverse event exceeds a predetermined
threshold and if the risk of the adverse event exceeds the
predetermined threshold, the controller operates the at least
one actuator to change the state of the component to reduce
the risk of the adverse event.

According to another aspect of the present disclosure, a
patient support apparatus comprises at least one actuator
operable to change the state of a component of the patient
support apparatus, at least one input device, and a controller
operable to receive a signal from the at least one input device,
process the signal to determine the risk of an adverse event
occurring to a patient supported on the at least one patient
support apparatus, and if the risk of an adverse event exceeds
apredetermined threshold, operate the actuator to change the
state of the component to reduce the risk.

In some embodiments, the input device is a sensor that
provides a signal related to a physiological condition of a
patient supported on the patient support apparatus.

In some embodiments, the actuator activates a caster lock.

In some embodiments, the actuator activates a siderail
lock.

In some embodiments, the actuator moves a siderail to a
raised position.

In some embodiments, the actuator moves a head section of
the patient support apparatus to an angle that exceeds a mini-
mum threshold.

In some embodiments, the risk of the adverse event is
determined using patient physiological data and at least one
environmental factor collectively.

In some embodiments, the risk of the adverse event is
determined using patient physiological data and at least one
patient support apparatus factor collectively.

Additional features and advantages of the invention will
become apparent to those skilled in the art upon consideration
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of the following detailed description of illustrated embodi-
ments exemplifying the best mode of carrying out the inven-
tion as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description of the drawings particularly refers
to the accompanying figures in which:

FIG. 1 is a diagrammatic view of a patient support appa-
ratus positioned in a room, with a control system of the patient
support apparatus in electrical communication with other
devices, controllers, and systems positioned inside and out-
side the room;

FIG. 2 is a diagrammatic representation of the electrical
system of the patient support apparatus of FIG. 1; and

FIG. 3 is a flow chart of an algorithm for predicting and
mitigating adverse events that may occur to a patient sup-
ported on the patient support apparatus of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

The relationship between a patient support apparatus 14
positioned in a room 10 of a care facility and a hospital
information system 12 is shown diagrammatically in FIG. 1.
In the illustrative embodiment, the hospital information sys-
tem 12 includes a centralized nurse call system 18 and a
centralized electronic medical record system 20. Both the
nurse call system 18 and electronic medical records system
20 include information that is related to a patient support
apparatus 14 and associated with the patient stored in
memory as related records. The information related to the
patient stored in memory in the nurse call system 18 and
electronic medical records system 20 is constantly updated as
information is added to the electronic medical records system
20 and the nurse call system 18 receives information related
to the patient and the patient support apparatus 14.

The patient support apparatus 14 includes a control system
16 that is in communication with the nurse call system 18. The
control system 16 includes a user interface 24 that is used by
the patient supported on the patient support apparatus 14 or a
caregiver to provide inputs to the control system 16 or display
outputs from the control system 16. As shown diagrammati-
cally in FIG. 1, the electronic medical records system 20 is in
electrical communication with a user interface 22 positioned
in the room 10 and accessible by caregiver to input patient
information and enter orders while the caregiver is in the
room 10. The user interface 22 may be a personal computer or
a dedicated peripheral device. It should be understood that
other user interfaces may be used throughout a facility to
interface with the hospital information system 12, and spe-
cifically the electronic medical records system 20. In the
illustrative embodiment of FIG. 1, the user interface 24 is
positioned on the patient support apparatus 14 and may be
used by caregiver to access the electronic medical records
system 20 through the control system 16 of the patient support
apparatus 14, which is in direct communication with the
electronic medical records system 20 and acts as a peripheral
device to the electronic medical records system 20.

The control system 16 is also in communication with an
environmental systems controller 26 which provides an inter-
face between the patient support apparatus 14 and various
environmental systems including lights 28, heating-ventilat-
ing-air-conditioning system 30, and entertainment devices 32
such as a television 33 or radio 35, for example. The environ-
mental systems controller 26 provides information to the
control system 16 and acts on instructions from the control
system 16 to modify operation of the environmental systems.
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Some of the information provided by the environmental sys-
tems controller 26 is stored in memory associated with the
environmental systems controller 26. The information pro-
vided by the environmental systems controller 26 is updated
as operating parameters of the environmental systems
change.

The control system 16 may also be in communication with
one or more peripheral devices 34 positioned in the room 10.
The peripheral devices 34 each perform a therapy or diagnos-
tic function. For example, the peripheral device 34 may be a
ventilator, heart monitor, blood pressure monitor, infusion
device, blood oxygen monitor, sequential compression
device, high-frequency chest wall oscillation device, or
another standalone diagnostic or therapeutic device. Informa-
tion used by the control system 16 may be stored in memory
associated with a peripheral device 34, including the therapy
parameters or current operating conditions of the peripheral
device 34. In addition, diagnostic values such as a heart rate,
blood pressure, or other diagnostic values may be stored in
memory associated with the peripheral device. In some cases,
the peripheral devices 34 may communicate to the controller
26 via a network connection such as a controller area network
(CAN) and information stored on a controller of the device 34
may be accessible by the controller 26. In other cases, the
information may be stored by the hospital information system
12. In still other cases, the peripheral devices 34 may com-
municate with the controller 26 and the controller 26 may
store information related to the operator of the peripheral
device(s) 34 in memory of the controller 26. As illustrated in
FIG. 1, any number of peripheral devices 34 may be in com-
munication with the patient support apparatus 14. It should be
understood that peripheral devices such as the peripheral
devices 34, may be in direct communication with the hospital
information system 12 without being connected through the
patient support apparatus 14.

The nurse call system 18 generates alarms and notifies
caregivers of alarm conditions based on signals from the
control system 16 of the patient support apparatus 14. It is
also known in the art for the patient support apparatus 14 to
provide a communication link such as audio or video com-
munications between a patient supported on the patient sup-
port apparatus 14 and a nurse positioned at a central nurse call
station 18. It is also known for caregivers to carry communi-
cation badges that include telephone or other voice commu-
nication capability, with the badges providing a direct com-
munication between the caregiver and the central nurse call
station 18 or patient, such as the system disclosed in U.S. Pat.
No. 7,746,218 titled “Configurable System for Alerting Car-
egivers,” incorporated by reference herein. The nurse call
system and/or communication badges may facilitate direct
communication between a caregiver and a patient positioned
on any patient support apparatus is 14 throughout a care
facility. In this way, the nurse call system 18 acts as a dispatch
system to provide instructions to caregivers when various
conditions warrant the intervention of the caregiver either to
make adjustments to equipment or to respond to the needs of
a particular patient.

The control system 16 of the patient support apparatus 14
includes input devices that provide information to a controller
44 of the control system 16. For example, referring to FIG. 2,
frame position sensors 36, siderail position sensors 38, sup-
port surface sensors 40, a scale system 42, and caster brake
sensors 46 are all in communication with the controller 44.
The frame position sensors 36 provide information regarding
the position of various components of the patient support
apparatus 14. Information provided may include the height of
the patient support apparatus 14, the inclination of a head
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section, the degree oftilt of an upper frame, or any other frame
position data that might be available from frame position
sensors 36 of the particular patient support apparatus 14.

The side rail position sensors 38 provide an indication to
the controller 44 of whether a particular side rail of the patient
support apparatus is in a raised or lowered position. It is
contemplated that additional sensors may be implemented
which indicate whether a particular side rail is latched into a
particular position. The control system 16 includes siderail
actuators 48, siderail locks 50, and caster brake actuators 52
which are each controlled by the controller 44. For example,
the patient support apparatus 14 may include motorized side
rails such as those disclosed in U.S. Patent Application Pub-
lication No. US 2009/0229051, titled “Siderail for a Patient-
Support Apparatus,” which is incorporated by reference
herein. The patient support apparatus 14 may also include
locking side rails that include an electromechanical lock, such
as those disclosed in U.S. Patent Application Publication No.
US 2009/0229051, with the lock retaining the side rail in a
particular position. The siderail actuators 48 are operable to
move the siderails between raised and lowered positions. The
siderail locks 50 are operable to lock the siderail in a given
position. The caster brake actuators 52 are operable to acti-
vate the caster brake system. For example, the caster brake
actuators may actuate a locking mechanism. For example, the
structures disclosed in U.S. Pat. No. 7,690,059 titled “Hospi-
tal Bed” or U.S. Pat. No. 7,200,894 titled “Roller,” each of
which is hereby incorporated by reference herein, disclose
suitable locking mechanisms.

The support surface sensors 40 provide information
regarding the operation of a support surface 56, such as an
inflatable/pneumatic mattress, of the patient support appara-
tus 14. Such a support surface 56 may be integrated into the
frame of the patient support apparatus 14 or may be a separate
structure that is operated generally independently of the
patient support apparatus 14, but communicates with the con-
troller 44 of the patient support apparatus 14. The support
surface sensors 40 may include pressure sensors that identity
pressures in particular inflatable structures of the support
surface or they may include position sensors. For example,
accelerometers positioned in particular locations within the
support surface 56 may provide feedback regarding the
amount of inclination of a particular section of the support
surface 56 relative to gravity, independent of the frame posi-
tion sensors 36. The support surface sensors 40 may also
provide information regarding the degree of lateral rotation of
a patient supported on the support surface 56. In addition, the
control system 16 includes a support surface pressure control
system 54 which is operable to control the pressure in one or
more air bladders in the support surface 56.

The scale system 42 provides information to the controller
44 regarding the weight of the patient supported on the patient
support apparatus 14. The scale system 42 also provides
information regarding the position of a patient on the patient
support apparatus 14 and may provide information regarding
the degree of movement of the patient. Such a system is
disclosed in U.S. Pat. No. 5,276,432 titled “Patient Exit
Detector Mechanism for Hospital Bed” or U.S. Pat. No.
7,437,787 titled “Load-Cell Based Hospital Bed Control,”
each of which is incorporated herein by reference. The data
from the scale system 42 may also be used by the controller to
determine if an unexpected weight has been added to the
patient support apparatus 14 or provide other data regarding
activities around the patient support apparatus 14. For
example, in an approach disclosed in U.S. Published Pat.
Application No. 2008/0189865 titled “System and Method
for Controlling an Air Mattress,” which is incorporated herein
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by reference, the support surface sensors 40 and the scale
system 42 cooperate to provide data regarding the position of
a patient supported on the patient support apparatus 14. For
example, the support surface sensors 40 and scale system 42
may cooperate to determine that a patient is sitting up on a
patient support apparatus 14 without having the head section
raised as disclosed in U.S. Published Pat. Application No.
2008/0189865.

The caster brake sensors 46 provide information to the
controller regarding the position of the brakes on the patient
support apparatus 14. For example, casters should be in a
locked position to prevent the bed from rolling as a patient
attempts to exit the bed. In addition, activation or deactivation
of'the caster brake sensors 46 may provide an indication of the
presence of a caregiver in the room 10 at a particular time.
Activation of other caregiver controls may be considered to
identify the presence of a caregiver in the patient room when
the controls are activated.

It is within the scope of this disclosure for the patient
support apparatus 14 to include other sensors that provide
information to the controller 44 regarding the status of por-
tions of the patient support apparatus 14 and the sensors
discussed herein are examples only. In general, information
that is related to the patient is considered to be physiological
information, data items, or factors. This may include diag-
nostic or therapy information from a peripheral device 34,
diagnoses or physical characteristics available from the elec-
tronic medical records system 20, including medications
being taken or therapies being received, or patient specific
information as detected by the scale system 42 or support
surface sensors 40.

Information related to the patient support apparatus 14 is
considered to be patient support apparatus information, data
items, or factors. These include the positions of members or
components of the patient support apparatus 14, the type of
patient support apparatus, the status of patient support appa-
ratus functions such as a caster lock or siderail lock.

Information related to the environment as determined and
controlled by the environmental system 26 is considered to be
environmental information, data items, or factors. This may
include the status of various environmental equipment
including room temperature, the status of lighting, the status
of entertainment devices or other similar information.

A generalized algorithm for predicting adverse events and
mitigating the risk of adverse events is displayed graphically
at FIG. 3. The algorithm 100 is performed by a processor 58
of'the controller 44, utilizing instructions stored on a memory
device 60 of the controller 44. The algorithm 100 is per-
formed according to a preset schedule and initiated by a
scheduler of the controller 44 at regular intervals, such as
every 500 ms, for example. The algorithm 100 may be applied
to multiple risks as will be discussed in further detail below.
For example, the algorithm 100 may be applied to the risk of
patient falls, risk of development of pressure ulcers, the risk of
development of ventilator-associated pneumonia, or other
risks that may be discerned from the information available in
electronic medical record system, environmental operating
conditions, and patient support apparatus operation variables.

It should be understood that information available to the
control system 16 may be stored on memory associated with
the peripheral devices 34, nurse call system 18, electronic
medical records system 20, environmental system 26, or other
similar devices or systems. In some embodiments, the control
system 16 may receive information from each of the sources
in real time and update the memory device 60 to include the
most recent information available.
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At an initial step 102, the controller 44 evaluates the infor-
mation necessary to perform a risk analysis associated with a
particular type of risk. The controller 44 also identifies the
availability of the necessary information from the various
sensors 36, 38, 40, 46, scale system 42, support surface pres-
sure control system 54, caster brake actuators 52, siderail
actuators 48, siderail locks 50, environmental systems 26,
peripheral devices 34, and electronic medical records system
20 to determine the availability of information used to deter-
mine the particular risk. This information may vary from risk
factor to risk factor, but may also include several common
pieces of information as will be discussed in further detail
below. Once the information that might be used to determine
a particular risk is identified at step 102, at step 104 the
controller 44 collects the available information from various
data sources including the various sensors 36, 38, 40, 46,
scale system 42, support surface pressure control system 54,
caster brake actuators 52, siderail actuators 48, siderail locks
50, environmental systems 26, peripheral devices 34, and
electronic medical records system 20.

The algorithm 100 then progresses to decision step 106
where the information that was collected from the data
sources at step 104 is evaluated to determine if a statistically
sufficient amount of information is available to determine the
risk of a particular adverse event. The statistical sufficiency is
predetermined from prior analyses of the information. For
example, certain key pieces of information may always be
required, such as the status of the siderails of the patient
support apparatus 14 may be required for a fall risk analysis,
for example. However, other information may be optional.
There may also be a minimum of data items that may be used
to perform the analysis. For example, in one illustrative
embodiment, at least five data values must be present to
perform the risk analysis. If there is insufficient data available
to make a statistically valid evaluation of the risk, the algo-
rithm 100 proceeds to step 122 where information that is
missing may be available as an input from a caregiver is
identified. The algorithm 100 then proceeds to step 124 where
and indication of the risk status is issued to the system.

Depending on the circumstances, this risk status may be as
simple as a message to the controller 44 that the risk of the
particular adverse event is indeterminable, or the risk status
indicator may provide information to the controller 44 which
causes the controller 44 to generate an alarm. The response
varies depending on the importance of the risk. Once the risk
status indicator has been set at process step 124, the algorithm
100 proceeds to step 126 where the system prompts a request
for information at a user interface 24. The risk is then dis-
played at step 130 and the algorithm 100 monitors inputs at
step 128 to determine if any new information has been
received. If no information has been received, the algorithm
100 loops back to step 126 and maintains the prompt for the
request for information from the user at user interface 24.
Thus, until the information necessary to properly assess the
risk is entered, the risk is displayed as an out of acceptable
condition at step 130. If however, new information is received
at step 128, the algorithm 100 loops back to decision step 106
where the new information is evaluated to determine if suffi-
cient information is available to make a risk determination.

If insufficient information is determined to be available at
step 106, the algorithm 100 loops through again beginning at
step 122 and maintains the display of the risk at step 130.

If sufficient information is available to make the risk deter-
mination at step 106, algorithm 100 proceeds to step 108 and
performs a risk assessment. As will be described in further
detail below, the risk assessment utilizes the information that
is available to determine a level of risk, or risk score. The risk
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assessment will return a numerical risk score. The numerical
risk score risk is evaluated at a decision step 110. At step 110,
the numerical risk score is associated with a particular risk
level. In some embodiments, if the risk score is greater than a
threshold, the risk is determined to be excessive under a
binary analysis. In other embodiments, the risk score may be
categorized into one of multiple risk indication levels such as
low, medium, or high. In some cases, the risk will be indicated
to auser by a colored indicator, with green indicating low risk,
yellow indicating medium risk, and red indicating serious
risk, for example. If the risk is not determined to be excessive
at step 110, the risk status is displayed at step 130 and the
algorithm 100 is suspended until the algorithm 100 is pro-
cessed again by the processor 58.

If the risk is considered to be excessive at step 110, the
algorithm 100 proceeds to step 112 and issues a risk status
indicator updating the display at step 130 and progressing to
a step 114. At step 114 an analysis is performed to determine
potential mitigating actions as will be described in further
detail below. Part of the mitigation analysis at step 114 deter-
mines if there are factors that can be modified by the control-
ler 44 to mitigate the risk. In addition, other factors that are
independent of the control of the controller 44 that are iden-
tified as being excessive or out of an acceptable range are
placed in an array. The algorithm 100 then proceeds to step
132 and automatically implements any corrective risk miti-
gation factors that might be available to the controller 44 to
reduce the risk to an acceptable level.

The auto correct function at step 132 modifies of operating
characteristics of the patient support apparatus 14 as neces-
sary or available to mitigate the risks. For example, the con-
troller 44 may engage the siderail locks 50 to secure a side rail
in a raised position if such action would mitigate a fall risk
identified by the algorithm 100. As used herein, the term
“mitigate” means to reduce the risk score. Other automati-
cally modifiable capabilities include modification of support
surface pressure system 54 operating parameters to reduce
the risk of development of pressure ulcers, or the modification
of the position of a head section of the patient support appa-
ratus 14 to mitigate the risk of the development of ventilator-
associated pneumonia by raising the head section above a
minimum threshold attitude or angle. The caster brakes may
be engaged by the caster brake actuator 52. Siderails may be
moved to a different position by a siderail actuator 48.

It should be understood that the auto correction/modifica-
tion of operating parameters that has been described as occur-
ring at step 132 may be optional or may be available for
specific operational parameters only. In some embodiments, a
user may program the control system 16 to prevent certain
events from occurring automatically, based on user prefer-
ences. Once any available auto correction is completed at step
132, the algorithm 100 progresses to step 116 which gener-
ates an instruction to a caregiver to take an action to mitigate
the risk. For example, the instruction may direct the caregiver
to raise a side rail, lock the bed casters, modify the elevation
of the patient support apparatus 14 or some portion of the
patient support apparatus 14, or initialize a therapy, such as
continuous lateral rotation therapy, for example. These are
only examples of potential instructions that may be generated
based on the risk identified. In such a case, the instructions
may identify multiple actions to be undertaken by the car-
egiver and will identify the highest priority or largest impact
modifications that can be made to mitigate the risk. The
control system 16 provides information to the caregiver
allowing the caregiver to select particular operating param-
eters to be modified so as to reduce the risk, at the discretion
of the caregiver. The caregiver may prefer to implement to
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lower priority modifications to reduce the risk to an accept-
able level as opposed to implementing the highest priority or
most heavily weighted factor. For example, a particular
patient may have a relatively minor fall risk that can be
mitigated by lowering the bed height and raising a side rail.
However, the caregiver may decide that for clinical reasons
the preferred mitigation would be to activate a patient position
monitoring function of the scale system 42 because the
patient is relatively compliant but prefers to have the side rails
down. If such modification will lower the risk score to an
acceptable level, selective implementation of portions of the
instruction may implemented to mitigate the risk.

Once the user has been prompted with instructions for risk
mitigation at step 118, the algorithm 100 monitors the con-
ditions identified in the instructions to determine if any of
those conditions have been modified at step 120. If the con-
ditions have been modified, algorithm 100 loops back to step
108 and re-initializes the risk assessment subroutine to deter-
mine if the modified conditions have reduce the risk to an
acceptable level. If no conditions have been modified, the risk
status continues to be displayed and the algorithm 100 loops
back to step 118 and maintains a prompt for user to implement
the instructions.

Information used to determine a risk score may include
information that is available form the electronic medical
record system 20, the environmental systems 26, one or more
peripheral devices 34, or any of the sensors or systems asso-
ciated with the patient support apparatus 14. The electronic
medical record system 20 includes information that is entered
as part of the admissions process and used by all caregivers to
assess the mental and physical status of a patient. As this
information has become more commonly available in elec-
tronic form, the ability of the controller 44 to access the
available information increases the usefulness of the infor-
mation.

For example, a common analysis used by caregivers is the
Morse Fall Score which provides a numerical analysis of the
risk of fall. The Morse Fall Score is based on six factors
including the patient’s history of falling, any secondary diag-
nosis related to falls, the type of intervention the patient
requires, whether the patient has an IV or heparin lock, the
patient’s gait or ability to transfer to furniture, and the
patient’s mental status. Evaluating these factors using objec-
tive criteria returns numerical values that are accumulated to
determine the overall Morse Fall Score. The Morse Fall Score
is then used to determine the interventions necessary by car-
egivers in assuring that a patient is cared for in a way that
mitigates fall risks. It is contemplated that each of the indi-
vidual factors in the Morse Fall Score may be considered by
an adverse event prediction algorithm to assess at least a
portion of the likelihood that a particular patient may fall.

Other factors that may be considered include the extent of
any cognitive impairment that a patient may sufter. An objec-
tive evaluation of the history of the patient including having
the propensity to fall in the past may be used as a factor in
consideration of a fall risk. Particular types of medications
that the patient may be taking that affects their central nervous
system may be assigned a numerical value. For example, a
patient taking stimulants, antipsychotics, antidepressants,
depressants, anticonvulsants, hallucinogens, or pain medica-
tions may indicate a fall risk. Any mobility impairments the
patient may have may also be assessed and assigned a numeri-
cal score. For example, a patient who has had a joint replace-
ment or who is a partial amputee may be assigned a mobility
score that is less than optimal and may be considered in
defining a fall risk.
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The patient’s age may also be a factor that is considered
with the understanding that older patients are likely to suffer
some impaired mobility. The patient’s gender is also a factor
to be considered as it is known that females are a higher fall
risk under certain conditions as compared to males. Evidence
of'bowel or bladder incontinence may also be considered as a
factor as this is likely to increase the urgency with which the
patient may attempt to ambulate. Similarly, a patient who
suffers postural hypotension exhibits an increased risk of
falls. The patient’s height and weight as individual values or
the composite value of body mass index each may be consid-
ered in the assessment of the patient’s fall risk under certain
circumstances.

While the discussion of fall risk factors should not be
considered comprehensive, it is clear that a significant
amount of information that is available from a patient’s medi-
cal record, and therefore the electronic medical record sys-
tem, is useful in assessing a patient’s risk of fall. Generally,
many if not all of these factors are available in an electronic
medical record maintained on electronic medical record sys-
tem 20 and available to the controller 44.

In addition to the overall risk factors that are exhibited by a
patient, the status of the patient support apparatus 14 on
which the patient is supported and any other environmental
conditions which are present, provide insight into the poten-
tial for the patient fall or provide a risk mitigation to prevent
a patient from falling. To the extent that patient factors
increase the risk of falls, certain bed parameters tend to
reduce the potential for falls so that the comparison of those
two factors may arrive at a risk of a particular patient falling
at a particular time.

Some of'the factors that may be considered when assessing
risk of the patient fall include the height at which the bed is
positioned and whether the side rails of the patient support
apparatus 14 are raised. In addition, the status of a patient
position monitoring system or bed exit system may also pro-
vide a measure of the likelihood of a patient falling without
intervention by caregiver. Historical data from the patient
position monitor is also useful in assessing the patient’s risk
of fall in that if the particular patient is causing the patient
position monitoring system to alarm on a regular basis, it is
indicative that the patient is noncompliant with whatever
restrictions have been placed on the patient by the caregiver.
Such an indication may be used to the discount certain fac-
tors, or reduce the weight of certain factors, if warranted.

Patient support apparatuses 14 that include a scale system
may be operable to detect movement of the patient and estab-
lish a patient activity index that defines a patient fall risk
parameter. While patient position monitoring systems are
known to be predictive based on activities of a patient on the
bed, the current position of the patient on the bed considered
in conjunction with other risk factors and mitigation factors is
a measure of the likelihood of the patient to fall. As discussed
above, several approaches to determining the location of a
patient on a patient support apparatus have been disclosed in
the art.

Another factor that may be considered in determining the
level of mitigation that has been implemented to reduce the
likelihood of the patient fall includes the status of a bed
monitoring system that provides an alarm if any of a group of
preprogrammed parameters are not in compliance with the
monitoring protocol. Yet another factor that may be consid-
ered is whether one or more of the bed operations are in a
“locked out” status thereby preventing the patient from acti-
vating the functions. The status of any caster locking system
is another factor which may be considered as a mitigation to
patient falls.



US 9,213,956 B2

15

The particular type of patient support apparatus may be yet
another factor as the type of bed may increase the risk of
patient falls as determined by some statistical analysis. Simi-
larly, the type of patient support surface is being used may
also provide mitigation factors or be statistically shown to
have a higher incidence of patient falls. This may be due to the
structure of the patient support surface such as having soft
edges or other structures which make ingress from the patient
support apparatus more difficult. Still another factor which
may be considered is the state in which the patient support
surface is operating, such as if the patient support surface is in
a rotation mode resulting in discontinuities in the top surface
of'the patient support surface or movement of portions of the
patient support surface.

The position of various members of the patient support
apparatus may also be considered in the analysis of the
patient’s risk of falling. For example, if the patient support
apparatus is in a chair configuration, the patient is more likely
to attempt to egress from the patient support apparatus. Also,
if a knee section or a head section of the patient support
apparatus 14 is raised during the patient’s egress, a patient’s
likelihood of falling may be increased due to the uneven
surface

Yet another factor to consider is the proximity of a car-
egiver to the patient support apparatus 14 as may be detected
by the nurse call system 18. If the controller 44 identifies that
a caregiver is present during the attempted egress, some of the
factors of fall risk may be discounted, or the caregivers pres-
ence may be considered to be a mitigation. Other environ-
mental conditions that may be detected by the controller 44
include the status of any room lighting. The controller 44 may
be able to detect whether an overhead light is on in the room,
and nightlight is on the patient support apparatus, indirect
lighting being on in the room, or a reading light on the patient
support apparatus being on. Similarly, the controller 44 may
detect whether a television in the patient room is on and the
status of the volume of the television. Also, the status of a
radio or sound system in the room may be detected by the
controller 44. In some situations, a television that is on or a
radio that is on may lead to distraction to a patient who has a
higher risk of fall such that the television activity or radio
activity should be considered in the risk of fall analysis.

To the extent that the patient support apparatus 14 is in
communication with any peripheral devices 34, the presence
of the peripheral devices 34 may be considered in the risk of
fall assessment. For example, if the controller 44 is aware that
a blood oxygen saturation monitor is active, the presence of
such a monitoring device may be considered a risk factor. A
similar analysis is applicable to the presence of an infusion
pump. Other devices that may be active include heart rate
monitors, neurological monitors, ventilators, CPAP devices,
drainage devices, would cure devices, sequential compres-
sion devices, or the like each of which may be detected by the
patient support apparatus 14. In some instances, data from the
peripheral devices 34 may be shared directly with the con-
troller 44.

While many of the factors considered with regard to falls
may also be considered with regard to VAP, there are other
factors that may be considered as well. Pneumonia accounts
for approximately 15% of all hospital acquired infections and
25% of all infections acquired in coronary care units and
medical intensive care units (ICU) respectively. VAP, a seri-
ous subset of these hospital-acquired pneumonia infections,
is the most common of all hospital-acquired infections which
contribute to death mortality rate of approximately 30%.

VAP increases the patient’s stay in the ICU, the overall
length of hospital stay, and adds to overall costs. VAP is a
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bacterial pneumonia that develops in patients receiving
mechanical ventilator support through an artificial airway.
Early-onset pneumonia (those VAP cases that develop within
the first 48 to 72 hours), is usually caused by one of the
following bacteria: staphylococcus aureus (gram positive);
haemophilus influenzae (gram negative); or streptococcus
preumoniae (gram positive). These are antibiotic sensitive
strains which are common in the ICU. Late-onset VAP (cases
that develop after 72 hours of ventilation) is usually caused
by: methicillin resistant staphylococcus aureus (MRSA);
pseudomonas aeruginosa; acinetobacter or enterobacter. In
most patients, VAP is caused by multiple organisms.

VAP rates are reported as cases per 1000 ventilator days.
The mean VAP rate for burn patients in the U.S. is 12.3.
Neurosurgical patients have the highest rate at around 20 and
pediatrics the lowest at 5.9. The overall percentages of hos-
pital-acquired infections in U.S. hospitals rank urinary as the
highest (31%), pneumonia second (27%), and blood stream
third (19%). All three classes of infection are related to
devices: urinary catheters, ventilators, and indwelling cath-
eters, respectively.

Grossman reported that with each day of mechanical ven-
tilation and intubation, the crude VAP rate increases by 1% to
3% and the death risk increases from two-fold to 10-fold
(Grossman R F, Fein A. Evidence-Based Assessment of Diag-
nostic Tests for Ventilator-Associated Pneumonia: Executive
Summary. Chest 2000; 117:177 S-181).

The single largest VAP risk factor is the endotracheal tube.
Because mechanical ventilator support cannot be performed
without the endotracheal tube (or other artificial airway), it is
a necessary danger. The endotracheal tube provides a direct
passageway into the lungs, bypassing many “natural protec-
tion” mechanisms. The endotracheal tube increases the risk
for VAP by preventing cough and upper airway filtering. VAP
also prevents upper airway humidification and inhibiting epi-
glottic and upper airway reflexes. The VAP acts as a direct
conduit into the lungs for airborne pathogens and potentially
acts as a reservoir for pathogens by providing a place for
biofilm to form. The VAP inhibits cilliary transport by the
epithelium requires a cuff which provides a place for secre-
tions to “pool” in the hypoglottic area. The VAP also initiates
a foreign body reaction, thereby interfering with the local
immune response.

Risk factors that may be considered include a patient age of
65 or more. Also, some underlying chronic illness (e.g.
Chronic Obstructive Pulmonary Disease (COPD), emphy-
sema, asthma) or diseases causing immunosuppression
increase risks. A patient who is unconscious or suffers
depressed consciousness has a higher risk of VAP. Additional
factors that increase the risk of VAP include: thoracic or
abdominal surgery; previous antibiotic therapy; and previous
pneumonia or remote infection.

Other device treatment and personnel related risk factors
include: nasogastric tube placement; bolus enteral feeding;
gastric over-distension; stress ulcer treatment; a supine
patient position; nasal intubation; and nonconformance to
hand-washing protocol. Still other patient factors that may be
considered in determining risk include the patient’s perfusion
ratio, the patient’s SpO, measurement, the presence of acute
respiratory distress syndrome, ongoing medications such as
sedatives or antibiotics, or the number of previous intuba-
tions. The presence of gastric tubes or the use of enteral
feedings increases VAP risk as well. There are standard mea-
sures of risk that may also be considered including the Predi-
cus™ Risk Score, for example.

To mitigate VAP, it is important that foreign material is not
allowed to enter the lungs. This is ensured primarily via
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regular suction and oral hygiene. The primary patient support
apparatus mitigation is to maintain the head of bed angle
(HOB) to 30 degrees or more. Supine body position is a risk
factor for VAP. Elevation of the head of the bed to 30 degrees
is strongly supported as a low cost preventive strategy that
lowers the risk of aspiration.

Additional mitigations of VAP may be documented in the
electronic medical record system 20 and considered in the
risk analysis. For example, documentation that care was used
to ensure that secretions are not allowed to spread, such as
hand-washing and the use of gowns and gloves may be con-
sidered. The completion of suction and oral cleaning pro-
cesses should be documented as well and may be considered
in the risk analysis.

Some of the risk factors that may indicate a fall risk or the
risk of development of VAP may also be used to determine the
risk ofapatient developing pressure ulcers, also known as bed
sores. Risk factors, in addition to some of those previously
discussed, that may indicate a propensity for the development
of pressure ulcers include fecal incontinence, excessive skin
moisture, low diastolic blood pressure, a history of smoking,
and body temperature. Each of these factors may be an indi-
cator of the risk of developing pressure ulcers on the skin.
Gender is also a factor with men having a higher propensity
for skin breakdown. A lack of sensory perception limits the
patient’s ability to feel the development of a skin injury and
may be used by an algorithm to indicate a higher risk of
development of pressure ulcers. A lack of mobility is an
additional risk factor. Poor nutrition is still another factor. In
some cases, patient mobility may be monitored and excessive
time in a single position may be defined as a risk factor that is
then used to prompt movement of the patient by caregiver or
adjustment of pressure in an inflatable patient support sur-
face. Also, unacceptable levels of skin moisture or skin tem-
perature, or a combination thereof, may be identified as a risk
factor that may be modified by changing the operation of the
patient support surface such as by increasing or reducing a
flow of air to the patient interface to increase or decrease
evaporation. Thus, excessively dry or moist skin can be
addressed. Also, skin temperature may be modified by cool-
ing the patient interface, cooling air flowing to the patient
interface, heating the patient interface, or heating air flowing
to the patient interface.

Non-patient factors may include excessive interface pres-
sure between a patient’s skin and a patient support surface.
Other factors include the temperature of the patient support
surface and shear or friction between the patient and the
support surface. The shear/friction factor may be considered
as a part of a broader statistical application of risk based on
the type of support surface being used.

The algorithm 100 includes several process steps but relies
on the availability of at least a minimum of information to
perform the risk analysis. Each factor described above is a
potential data point in the analysis and the algorithm 100 is
configured to use the available data to perform the analysis, if
a minimum amount of data required to perform the analysis
with statistical significance is available.

Depending on the algorithm used, each factor has coeffi-
cient that is applied to the factor multiplied by the factor
value. Some factors have a value that is normalized to be used
in the risk calculation. Other factors have a discrete integer
value of that is entered depending on the condition. Still other
factors have a binary value of either being true or false.

As a baseline, for example, the risk analysis may require a
minimum of five factors be available to perform the risk
analysis. The number of factors available may be increased or
decreased depending on the particular risk being analyzed
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and the statistical significance of the factors. In one embodi-
ment, the risk is calculated according to the following gener-
alized equation:

n C.F, Equation (1)
RISK= " ——=;
n
I

n>4

where: C is the coefficient for a factor x and F is the value for
the factor x. Each coefficient C may be any real number and is
selected in an effort to normalize the associated factor F to a
relative value that provides a risk score related to that factor.
Thus, for each of at least five factors, because n must be
greater than 4, each factor is calculated to a normalized risk
value. Each risk value is then discounted by the total number
of risk values available for consideration. If the calculated
risk is greater than 1, then a risk condition exists and should be
addressed. It should be understood that for factors that have a
negative correlation to risk, the coefficient C, is a negative
number, thereby reducing the overall score. While the number
of factors in the illustrative embodiment is greater than four,
it should be understood that in some embodiments a fewer
number of factors may be considered, so long as sufficient
statistical significance can be applied to the analysis.

In another embodiment, the risk score sensitivity may be
refined by eliminating the discounting of the normalized
score by the number of samples and applying a sample-size
based coefficient to each factor as shown in Equation 2 below:

RISK=2,"C, F,; n>4 Equation (2)

where: C is the coefficient for a factor x when the number of
factors available is n and F is the value for the factor x. For
factors that have a negative correlation to risk, the coefficient
C, is negative number, thereby reducing the overall score.
With Equation 2, the coefficient normalizes the factor to
account for the sample size so that the factor is properly
weighted.

The approach of Equation 2 permits strongly correlative
factors to be weighted heavily and factors that correlate less
strongly to be weighted at lightly. It should be understood that
any of a number of approaches may be applied to weight the
different factors that aftect the risk of an adverse event occur-
ring. Determination of the factors to be used and the weight-
ing of the factors may vary from application to application.
For example, the patient’s weight may be considered as a
factor in both the analysis of fall risk and the analysis of the
risk of developing bed sores. However, the coefficients of
weight are likely to be different in each risk analysis.

Although the invention has been described with reference
to the disclosed embodiments, variations and modifications
exist within the scope and spirit of the invention as described
and defined in the following claims.

The invention claimed is:

1. A patient support apparatus comprising

a plurality of sensors,

a user interface including a plurality of input devices,

a plurality of controllable devices, and

a controller electrically coupled to the plurality of sensors
and plurality of controllable devices, the controller
including a processor and a memory device electrically
coupled to the processor, the memory device including
instructions that, when executed by the processor, cause
the processor to process a plurality of data items related
to physiological conditions of a patient associated with
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the patient support apparatus as detected by at least one
of the plurality of sensors or the input devices and ana-
lyze the plurality of data items to determine a risk of an
adverse event occurring to the patient, wherein the
patient support apparatus includes a siderail locking sys-
tem that is movable between a locked state and an
unlocked state and at least one of the plurality of con-
trollable devices is an actuator for moving the siderail
locking system between the locked and unlocked states,
wherein the controller operates the actuator for moving
the siderail locking system to move the siderail locking
system to the locked state when the risk of a patient fall
exceeds a threshold as determined by the controller
when the plurality of data items is analyzed.

2. The patient support apparatus of claim 1, wherein the
memory device further includes instructions that, when
executed by the processor, cause the processor identify at
least one data item indicative of an environmental factor
associated with the environment in which the patient support
apparatus is located, analyze the plurality of data items
related to the physiological conditions of the patient and the
data item indicative of an environmental factor to determine
the risk of an adverse event occurring to the patient.

3. The patient support apparatus of claim 2, wherein the
memory device further includes instructions that, when
executed by the processor, cause the processor to identify at
least one data item indicative of a patient support apparatus
factor associated with the patient support apparatus is located,
analyze the plurality of data items related to the physiological
conditions of the patient, the data item indicative of an envi-
ronmental factor, and the data item indicative of a patient
support apparatus factor to determine the risk of an adverse
event occurring to the patient.

4. The patient support apparatus of claim 1, wherein the
memory device further includes instructions that, when
executed by the processor, cause the processor to identify at
least one data item indicative of a patient support apparatus
factor associated with the patient support apparatus, analyze
the plurality of data items related to the physiological condi-
tions of the patient and the data item indicative of a patient
support apparatus factor to determine the risk of an adverse
event occurring to the patient.

5. The patient support apparatus of claim 4, wherein the
memory device further includes instructions that, when
executed by the processor, cause the processor to output a
signal indicative of the risk of an adverse event occurring to
the patient.

6. The patient support apparatus of claim 5, wherein the
signal indicative of the risk of an adverse event occurring to
the patient causes the user interface to display an indication of
the risk.

7. The patient support apparatus of claim 4, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor to analyze the
plurality of data items related to the physiological conditions
of the patient, the data item indicative of an environmental
factor, and the data item indicative of a patient support appa-
ratus factor to determine if one or more of the data items are
associated with a modifiable condition, and if one or more of
the data items are modifiable, determine a value of a first one
of the data items which will reduce the risk of an adverse
event occurring to the patient.

8. The patient support apparatus of claim 7, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor to alter the
state of at least one of the controllable devices to alter the
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value of the first data item to the value of the first data item that
reduces the risk of an adverse event occurring to the patient.

9. The patient support apparatus of claim 8, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor determine a
value of a second one of the data items which will reduce the
risk of an adverse event occurring to the patient.

10. The patient support apparatus of claim 9, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor to alter the
state of at least one of the controllable devices to alter the
value of the second data item to the value of the second data
item that reduces the risk of an adverse event occurring to the
patient.

11. The patient support apparatus of claim 7, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor determine a
value for each of the data items which will reduce the risk of
an adverse event occurring to the patient.

12. The patient support apparatus of claim 11, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor to alter the
state of at least one of the controllable devices to alter the
value of each of the data items to the value of each of the data
items that reduces the risk of an adverse event occurring to the
patient.

13. The patient support apparatus of claim 7, wherein the
memory device further includes instructions that, when
executed by the processor, causes the processor to generate a
prompt at the display of the user interface indicating to a user
the value of a first one of the data items necessary to reduce
the risk of an adverse event occurring to the patient.

14. The patient support apparatus of claim 1, wherein the
patient support apparatus includes a head section that is mov-
able to change an attitude of the upper body of a patient
supported on the patient support apparatus and at least one of
the plurality of controllable devices is an actuator for control-
ling the attitude of the head section of the patient support
apparatus.

15. The patient support apparatus of claim 14, wherein the
controller analyzes the risk of ventilator-associated pneumo-
nia, and, if the risk of ventilator-assisted pneumonia exceeds
apredetermined threshold, the controller automatically oper-
ates the actuator to increase the attitude of the head section to
exceed a minimum allowable angle.

16. The patient support apparatus of claim 1, wherein the
patient support apparatus includes a caster brake system that
is movable between a locked state and an unlocked state and
at least one of the plurality of controllable devices is an
actuator for moving the caster brake system between the
locked and unlocked states.

17. The patient support apparatus of claim 16, wherein the
controller analyzes the risk of a patient fall, and, if the risk of
patient fall exceeds a predetermined threshold, the controller
automatically operates the actuator to move the caster brake
system to a locked state.

18. The patient support apparatus of claim 1, wherein the
controller analyzes the risk of a patient fall, and, if the risk of
patient fall exceeds a predetermined threshold, the controller
automatically operates the actuator to move siderail locking
system to the locked state.

19. A patient support apparatus comprising

a plurality of sensors,

a user interface including a plurality of input devices,

a plurality of controllable devices, and

a controller electrically coupled to the plurality of sensors

and plurality of controllable devices, the controller
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including a processor and a memory device electrically
coupled to the processor, the memory device including
instructions that, when executed by the processor, cause
the processor to process a plurality of data items related
to physiological conditions of a patient associated with
the patient support apparatus as detected by at least one
of the plurality of sensors or the input devices and ana-
lyze the plurality of data items to determine a risk of an
adverse event occurring to the patient, wherein the
patient support apparatus includes a siderail actuation
system that is operable to move at least one siderail
between a lowered position and a raised position and at
least one of the plurality of controllable devices is an
actuator for moving the siderail between the lowered and
raised positions, wherein the controller operates the
actuator for moving the siderail to move the siderail to
the raised position when the risk of a patient fall exceeds
a threshold as determined by the controller when the
plurality of data items is analyzed.

20. The patient support apparatus of claim 19, wherein the
controller analyzes the risk of a patient fall, and, if the risk of
patient fall exceeds a predetermined threshold, the controller
automatically operates the actuator to move siderail to the
raised position.
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21. The patient support apparatus of claim 1, wherein the at
least one of the plurality of controllable devices is a light
controller operable to vary the operation of a light in the
patient room between an illuminated and non-illuminated
state.

22. The patient support apparatus of claim 21, wherein the
controller analyzes the risk of a patient fall, and, if the risk of
patient fall exceeds a predetermined threshold, the controller
automatically modifies the light controller to illuminate the
light.

23. The patient support apparatus of claim 1, wherein the
patient support apparatus further comprises a surface includ-
ing at least one bladder and at least one of the plurality of
controllable devices is a surface pressurization system oper-
able to vary the pressure in the at least one bladder and the
controller analyzes the risk of a patient developing pressure
ulcers, and, if the risk of developing pressure ulcers exceeds
a predetermined threshold, the controller automatically
modifies the operation of the surface pressurization system to
vary the pressure in the at least one bladder to mitigate the risk
of developing pressure ulcers.
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